Animal navigation strategies depend on the nature of the environmental cues used. In the 10 nematode Caenorhabditis elegans, navigation has been studied in the context of gradients of 11 attractive or repellent stimuli as well is in response to acute aversive stimuli. We wanted to 
Introduction

23
Organisms ranging from bacteria to multicellular animals use conserved navigation strategies 24 to locate resources in their environment despite enormous differences in the specific biological 25 implementation of these strategies. Navigation strategies are specific to the spatial or 26 temporal features of the substances that constitute this information. One of the most common 27 types of navigation relies on sensing and tracking gradients of diffusing substances.
28
Depending on the shape and size of these gradients, the relevant sensors-whether they are 29 receptors of a bacterium or axonal growth cone or the olfactory apparatus of a mammal-must 30 continually undergo cycles of sensitization and desensitization to remain responsive to small 31 changes in the stimulus. This is potentially challenging, because the concentration of an attractant my change over orders of magnitude. At the same time, animals must remain 33 sensitive to abrupt changes in stimuli that may require acute behavioral responses.
34
In Caenorhabditis elegans, salt chemotaxis has been used to dissect navigation strategies 
53
We were interested in attempting to reconcile calcium imaging experiments, usually 54 performed using stepped stimuli, with behavioral studies that examine behavior in stimulus 55 gradients. The increasing use of microfluidics for both calcium imaging and behavioral
56
analysis provides an opportunity to do so (Albrecht and Bargmann, 2011; Chronis et al., 2007) , 57 though producing reproducible temporal stimulus gradients in microfluidic devices is 58 challenging. We previously showed that gradients could be generated by coupling a mixing 59 chamber with magnetic stir plate (Luo et al., 2014) . However, this system was cumbersome and 60 difficult to control.
61
Here, we describe a dedicated device based on the same principle that can deliver 
Materials and methods
80
Caenorhabditis elegans were raised on nematode growth medium, 0.25% Tryptone
81
(w/v), 1.5% Agar (w/v), 1 mM CaCl2, 1 mM MgSO4, 25 mM KPO4 (pH 6.0), 50 mM NaCl, and fed
82
with E. coli OP50 (Brenner, 1974; Stiernagle, 2006 
91
Temporal gradient production
92
We designed an instrument to produce temporal gradients based on rapidly mixing small 
174
We reasoned that this asymmetric effect could be used to test the contribution of each 
181
Animal pre-exposed to NaCl-free buffer showed robust behavioral responses to 182 alternating pulses of O mM and 50 mM salt solutions, exhibiting reduced path angles in the 183 preferred, high salt solution and lower path angles in the low salt solution ( Figure 1B ). This 184 corresponded to changes in reversal frequency ( Figure 1C ) and speed ( Figure 1D ). In contrast,
185
animals pre-exposed to 50 mM salt showed no behavioral responses to salt steps between 0 186 mM and 50 mM ( Figure 2E-G) . Thus, selective sensitization of ASEL renders animals 187 behaviorally responsive to large salt steps, while sensitization of ASER and desensitization of
188
ASEL results in animals that ignore these steps ( Figure 1H ).
189
We next wanted to compare how selective sensitization affected responses to graded 
196
We first tested how pre-exposure affected ASEL and ASER responses to graded stimuli.
197
We observed that sensitization / desensitization relationships were overall like those for 198 stepped stimuli. Pre-exposure to 100 mM NaCl produced robust and sustained ASER calcium 199 activity in response to negative gradients and highly attenuated, if any, ASEL responses
200
( Figure 3B ). Pre-exposure to 0 mM NaCl led to robust ASEL activity in response to positive 201 gradients. Unlike in the stepped-stimulus assay, however, we also observed ASER responses to 202 negative gradients-salt decreases-after this treatment ( Figure 3C ).
203
To quantify neuronal responses relative to the gradient, we plotted mean GCaMP to quantify these as discrete events by detecting local maxima preceded by high rates of 210 intensity increase ( Figure 3E ). We then calculated the probability of these events relative to 211 amplitude gradient direction ( Figure 3F ) and found that these events, like sustained responses,
212
are regulated by recent stimulus history.
213
We next generated temporal gradients within the behavioral microfluidic device. Here,
214
results were quite different from those using stepped stimuli. Pre-exposure to 0 mM or 100 215 mM NaCl did not affect the ability to adjust behavior in response to a negative salt gradient,
216
indicated by a steadily increasing path angle ( Figure 3G, left) . In contrast, pre-exposure did 217 influence the ability to respond to negative salt gradients, with animals pre-exposed to 100 218 mM showing path angle decreases and those exposed to 0 mM showing no change ( Figure 3G , 219 right).
220
Together, these results suggest that ASEL and ASER are specialized for stepped versus 221 graded salt stimuli, respeictivel, and this may explain the lack of any role for ASEL in most salt 222 chemotaxis assays. When ASEL is sensitized, animals show robust changes in locomotion in 223 response to abrupt switches between high and low salt solutions. When ASER activity predominates and ASEL is attenuated, animals ignore these switches. Gradients are more 225 complex. ASEL is not sufficient on its own to mediate positive gradient chemotaxis, as only 226 animals pre-exposed to 100 mM NaCl (ASER-sensitized) show behavioral responses. However,
227
both ASEL-and ASER-sensitized animals can navigate in response to a negative temporal 228 gradient. We suggest that this is because, despite ASER being unresponsive to stepped stimuli 229 after 0 mM pre-exposure, it remains responsive to graded stimuli through a different mode of 230 activity characterized by sharp, discrete calcium events rather than long sustained calcium 231 waves.
232
While it is ideal to measure activity and behavior at the same time, this is often not 
292
The homeobox gene lim-6 is required for distinct chemosensory representations in C.
293
elegans. Nature 410, 694-698. 
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